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DAVID VAN DEN EINDE
ABsTRACT

This paper presents a 2T thermodynamic cycle operating around the critical locus of ethylene. The cycle
converts heat energy to work at a rate greater than the Carnot cycle. This energy conversion rate
challenges the use of Carnot's thermodynamic efficiency as a foundation for the second Jaw of
thermodynamics. The paper discusses the historical development of classical theory and the second law's
foundation in logic.
INTRODUCTION

There are two points presented in this paper. One
is that Carnot's thermodynamic efficiency is a principle
of mechanical energy conversion. This point is
established from the definition of his cycle. The other
is that this mechanical principle does not define the
maximal heat energy conversion rate for all
thermodynamic cycles. This point is demonstrated by
three empirical enthalpy changes of ethylene that are
used to define a closed thermodynamic cycle. This
cycle converts heat energy to work at a rate greater
than that predicted by the Carnot cycle. The energy
conversion rate of the ethylene cycle challenges the
hypothesis that Carnot's principle of mechanical
energy conversion defines a universal maximal heat
energy conversion rate for all cyclical processes.

Premise for challenging Carnot efficiency as a
universal limit on heat energy conversion
Carnot defined the thermodynamic efficiency of
his closed cycle as a ratio of the total amount of heat
energy removed from the T1 reservoir (Q 1) and the
total amount of heat energy received by the T2
reservoir (Q 2). This rate of heat energy conversion to
work by a cyclical process serves as a foundation for
the second Jaw. Classical theory holds that for any
thermodynamic cycle its (Q 1-Q 2)Q 1- 1 or (W)Q 1-1 ratio
can not exceed the (T 1-T2)T1-1 ratio of that cycle's T 1
and T2 (1). Using Wark's (1) description of Carnot
efficiency, Q 1 and Q 2 define the total amounts of heat
energy removed from and received by the thermal
reservoirs at T 1 and T2 respectively. In this paper Q is
not used to mean the heat portion of the enthalpy
changes that occur within the cycle at T1 and T2 .
The definition of Carnot's (QrQ 2)Q 1-1 ratio as a
universal limit on heat energy conversion is not
predicated or contingent upon how heat energy is
partitioned or converted once it has entered a cycle,
but is based solely on the ratio of the total amounts of

heat energy removed from the T1 reservoir and
received by the T2 reservoir. The following ethylene
cycle is comprised of three empirically derived
enthalpy changes around ethylene's critical locus.
These enthalpy changes define the ethylene cycle's Q 1
input, Q 2 exhaust and work output.
The T efficiency of the ethylene cycle
demonstrated on its Mollier P-h diagram is (695500)695-1 = 0.28 (in degrees Rankine; 2, 3). The Q
efficiency, based on the total heat energy removed
from the T 1 reservoir and the total heat energy
received by the T2 reservoir is (99.85-62)99.85- 1 = 0.38
(in BTUs; 4). This rate of heat energy conversion to
work by a cyclical process challenges the axiom of
classical theory that Carnot's thermodynamic efficiency
defines a universal limit on heat energy conversion.
For demonstration, this cycle requires a T 1 reservoir of
+235 ·F, a T2 reservoir of +40 ·F, an expansion device,
and a flywheel. Infinitely small temperature differences
are used for the energy exchanges at T1 and T2 .
Consider for this cycle one pound of ethylene at
an initial liquid volume of 0.05 ft3 contained in a
cylinder by a piston (Fig. 1). Beginning the cycle at
point A on the ethylene P-h diagram, the cylinder is
exposed to a T 1 reservoir of +235 ·F from which 99.85
BTUs of heat energy are introduced to the ethylene.
With the piston stationary, this raises the temperature
and pressure of the ethylene from the liquid state into
the superheated vapor range along the constant
volume path from points A to B.
Adiabatic expansion proceeds from points B to C,
moving the piston in its cylinder until a volume of
0.125 ft3 and a temperature of +40 ·F is reached.
During this adiabatic expansion 47 BTUs of energy are
transferred to the flywheel and stored as work. On the
Mollier P-h diagram the energy (enthalpy) of the vapor
is decreased during adiabatic expansion by an amount
exactly equal to the mechanical work done by the
vapor (5).

t Author's address: RR #2 box 40, Bejou, Minnesota, 56516.

Vol. 60, No.3, 1996

7

Research Articles
ENTHALPY

(Btu/Ibm)

450

600
6 000

550

20--t-

lJ

,,

'"
[-""

500

1..:>

~

4 000

'

~t7

~

I'

1:::

8

P6

I" 1\ ~

4

3t-t:::t-

Qenii.\y ss
~

w
a:

lL

i\

2

1 000

"f''';-

IL-l-\ \.S '-r

400

100

w
a:

:::J

:::J

en
en
w

40

a:

en
en
w

a:

Cl...

Cl...

1

100

150

200

250

300

350

ENTHALPY

400

450

(Btu/Ibm)

Fig. 1. A pressure-enthalpy cycle, A-B-C for ethylene. The graph is reproduced with permission of the
American Society of Heating, Refrigertating and Airconditioning Engineers, 1791 Tullie Circle, NE, Atlanta,
GA. from the 1989 ASHRAE Handbook--Fundamentals (p 17.48).

The cylinder is then exposed to a T2 thermal
reservoir of +40 "F. Condensation occurs from points C
to A with 62 BTUs of energy exhausted to the T2
reservoir. A pressure of 655 pounds inch- 2 absolute is
required to act against the piston's reverse side while
affecting the 0.075 ft3 volume reduction from points C
to A. This volume reduction requires 9.15 BTUs of
work which is supplied from the 47 BTUs of work
transferred to the flywheel during adiabatic expansion.
The 9.15 BTUs of P~V energy and the 52.85 BTUs of
heat of evaporation energy that together make up the
62 BTUs of enthalpy exhaust are both exhausted as
heat energy to the T2 reservoir. This completes one
cycle with the ethylene returned to its initial liquid
state at point A.
To define the path A to B to C to A as a closed
cycle, the 9.15 BTUs of energy representing the P~V
portion of the 62 BTUs enthalpy exhaust from C to A
is subtracted from the 47 BTUs of work transferred to
the flywheel during the adiabatic expansion. This
subtraction leaves 37.85 BTUs of energy stored in
flywheel rotation.
If 62 BTUs of energy are exhausted from the cycle
and 37.85 BTUs remain as flywheel rotation or work,

8

the first law dictates that the total of these two
energies, or 99.85 BTUs of heat energy entered the
cycle between points A and B as Q 1 from the T
1
reservoir. If Q 1 is 99.85 BTUs and Q2 is 62 BTUs, the
1
cycle's (QrQ 2)Q 1- efficiency is 0.38 versus its 0.28 T
efficiency. The current definition of the second law is
incompatible with this evidence.
The ethylene cycle's Q efficiency is not limited to
the absolute temperature (T1"T2)T1- 1 ratio of its T 1 and
T2 . Instead, the Q efficiency or energy conversion rate
is affected by the energy transferred from the
molecule's rotational and vibrational freedoms to
molecular translational energy during the adiabatic
expansion and by the bonding energy of the van der
Waals' forces at T2 . The amounts of energy these
factors contribute to enthalpy changes in this cycle
generate, for some compounds, a (QrQ 2)Q 1- 1 ratio
that exceeds the corresponding ratio of absolute
temperature. Methane, R-12, and R-22 demonstrate
similar properties around the critical locus. The
discussion presented in this paper explains how
Carnot's thermodynamic efficiency incorrectly became
accepted as a universal maximal heat energy
conversion rate for all 2T cyclical processes.
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Carnot's rationale in def"ming a mechanical cycle
In 1824, during the very early development of the
kinetic theory of heat, Carnot expressed this rationale
for using a mechanical principle to define a maximal
heat energy conversion rate. He states in a footnote
from his "Reflections on the Motive Power of fire",
"The objection may perhaps be raised here, that
perpetual motion, demonstrated to be impossible by
mechanical action alone, may possibly not be so if the
power either of heat or electricity be exerted; but is it
possible to conceive the phenomenon of heat and
electricity as due to anything else than some kind of
motion of the body, and as such should they not be
subjected to the general laws of mechanics?" (6).
Carnot assumed that all molecular level energies
were some form of kinetic energy but he also retained
the concept of heat as caloric. He likened heat's
capacity to generate motive power to that of a
waterfall as the caloric passed through a <.:ycle from a
higher to lower temperature (6). In either instance, he
assumed that the availability of heat energy to do work
was subjected to the general laws of mechanics. With
these perceptions of heat energy, it follows that he
would seek to use a mechanical model to define a
maximal heat energy conversion rate. To this end he
defined a 2T cycle using the ideal gas as the working
medium. He also assumed that converting heat energy
to work by a cyclical process at rates greater than that
attainable by a mechanical cycle would be a type of
perpetual motion or a creation of energy. These were
correct and logical assumptions based on his
perceptions of heat energy. The principle of
mechanical energy conversion defined by Carnot
subsequently became a foundation for the second law
of thermodynamics.
Def"mition of the Carnot cycle
The Carnot cycle is defined using the theoretical
ideal or perfect gas as the working medium (7). The
ideal gas is a hypothetical gas with the following
characteristics:
1. No forces of attraction or repulsion between the
molecules (and therefore all internal energy is in
kinetic form).
2. The molecules have mass and are perfectly
elastic, but their size is negligibly small. It is a
mechanical model of energy such that the
molecule is a point mass with only kinetic
energy (8).
Kinetics is the branch of mechanics that describes
the action of forces in producing or changing the
motion of masses. It follows from this definition that
the energy of the ideal gas molecule is a purely
mechanical energy form. When heat or any energy is
transferred to the ideal gas molecule it becomes a
micro mechanical energy form. The further conversion
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of this energy to work by the Carnot cycle is
accomplished by kinetic transfer and is subjected to
the general laws of mechanics. Because the properties
of the ideal gas fit Carnot's stated assumptions about
molecular level energies, he used this mechanical
model to define a cycle. This cycle is comprised of two
isothermal and two adiabatic processes (9). The
maximal rate at which energy can be converted from
the micro to mass-mechanical form within this cycle is
simply stated by the (T 1-T2)T 1- 1 ratio of the cycle's T1
and T2 .
The internal energy of the ideal gas is directly
proportional to absolute temperature and it remains
constant during isothermal expansion. In the ideal gas
Carnot cycle, all heat energy absorbed isothermally
from reservoir T 1 is transferred kinetically by the ideal
gas directly to movement of the piston or external
work. Similarly, all of the work done in the isothermal
compression at T2 is given off as heat to the cold
reservoir. The work of expansion and compression in
the adiabatic portions of the cycle are equal and
consequently cancel each other (7). With the adiabatic
portions factored out, the basis for the second law
becomes the ratio of two series of mechanical energy
transfers, one at T 1 and one at T2. Each series consists
of isothermal transfers of kinetic energy between the
heat source or sink molecules, the ideal gas molecules,
and the piston. The (Q 1-Q 2)Q 1- 1 ratio of the amounts
of energy isothermally transferred to and from the
cycle is equal to the (T 1-T2)T1- 1 ratio of absolute
temperatures at which these transfers occur. This is a
law of mechanical energy conversion.
There are several mechanical energy forms such as
hydraulic pressure, elevation, or the ideal gas's
translational energy that can define absolute scales. On
these scales, energy at each level has a potential to do
work. For example, a mass of one pound at a ten-foot
elevation has ten foot-pounds of potential energy. For
both non-cyclical and cyclical mechanical processes
the maximal availability of this potential energy to do
work is defined by and limited to the lowest level of
pressure, elevation, or temperature accessible by that
process. Of the ten foot-pounds of potential energy
that one pound has at an elevation of ten feet, the first
law dictates that only five foot-pounds is available for
doing work between the elevations of ten feet and five
feet regardless of the process used. Carnot correctly
determined that a perfectly reversible mechanical cycle
would make all five foot-pounds of potential energy or
a like proportion of heat energy available for work.
Carnot viewed heat as caloric and ascribed its
motive power generation capabilities to its passing
through a cycle similar to a waterfall or the lowering
of a weight. Consequently he proposed that the limit
of the first law on the availability of potential energy
to do work established the basic law of mechanical
energy conversion; that is, a mechanical cycle's
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CQrQ 2)Q 1- 1 ratio as a universal limit on heat energy
conversion.
Carnot efficiency measures the maximal
availability of potential energy to do work in a
mechanical cycle. This first law measure of "availability\' was erroneously interpreted as a universal limit
on the "convertibility" of heat energy to work by a
cyclical process. Clausius' entropy augmented this
misapplication of Carnot efficiency as a universal limit
on the convertibility of heat energy to work.

The relationship of Clausius entropy to Carnot
efficiency
In his investigation into the kinetic theory of heat,
Clausius stated the basis for his principle of the
equivalence of transformations, or entropy, as: "If the
quantity of heat Q of the temperature is produced
from work, the equivalent value of this transformation
is (Q)T 1 where T is a function of the temperature
which is independent of the kind of process by means
of which the transformation is effected, and T 1 and T2
denote the values of this function which correspond to
the temperatures t1 and t2 . I have shown by separate
consideration that T is in all probability nothing more
than the absolute temperature." (10).
If T is "nothing more than the absolute temperature", then Clausius' formula (Q)T 1 expresses a potential of energy unavailability for a mechanical model of
energy. Using equal values for Q, (Q)T 1 can be
quantified as a rate of unavailability by [(Q)T1-1J
[(Q)T 2- 1J- 1 = CTrT2)T 1- 1 . As such, (Q)T 1 indicates the
potential d,ifference in the unavailability at T 1 and at T2
of a quantity of work, Q, changed to heat energy by
the rate that heat energy is available for conversion
back to work by the Carnot cycle. In this instance,
Clausius entropy labels the Carnot cycle's exhaust or
the fraction of potential energy that is unavailable for
conversion from a micro to a mass-mechanical form by
a mechanical cycle operating between two energy
levels of an absolute mechanical energy scale.
In pure mechanics, any cycle with nonreversible
processes will convert less of the available potential
energy to work than a reversible cycle such as
Carnot's. Clausius' entropy, besides labeling the Carnot
cycle's exhaust is termed Clausius inequality, dQrev
1 1 = 0. As such, it defines a scale by which the nonreversibilities of mechanical cycles can be quantified.
If Carnot's thermodynamic efficiency is not a universal
limit on heat energy conversion, this scale has little
relevance to the convertibility of heat to work by
nonmechanical cycles. The (Q)T 1 relationship also
serves as the third law in defining a scale of molecular
disorder or absolute entropy.
Classical corollaries to the Second Law
Stating Carnot's thermodynamic efficiency and its
remaining fraction, Clausius entropy, as the second
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law serves as the premise for stating the corollaries as
the second law. In view of the ethylene cycle
presented as proof that this mechanical principle does
not define a universal maximal heat energy conversion
rate, the scope or meaning of the corollaries must be
reassessed.
A corollary is by definition a deduction of logic
that follows from what is known. In the case of the
second law corollaries, what is known are these four
independent laws of physics:
1. The impossibility of perfect efficiency or
perpetual motion.
2. The principle of mechanics stated by Carnot's
(T 1- T2)T 1- 1 formula.
3. The fact that it takes an energy differential to do
work, or in the case of heat, the fact that
isothermal work generation is impossible.
4. The fact that heat will not of its own pass from
a colder to a warmer reservoir, or heat will not
spontaneously concentrate.
Kelvin and Planck premised their corollary on the
fact that it takes an energy differential to do work and
the hypothesis that Carnot's mechanical principle was
universal. Clausius premised his corollary on the fact
that heat won't spontaneously concentrate and the
hypothesis that Carnot's mechanical principle was
universal. Both corollaries are correct for a mechanical
model of energy. The error of classical theory
originates with the hypothesis that a measure of the
availability of potential energy to do work in a
mechanical cycle defines a universal maximal
conversion rate for all 2T cyclical processes. The
corollaries extend the error to equating heat energy
conversion rates in excess of this mechanical rate to
spontaneous heat concentration, isothermal work
generation, and perpetual motion.

Perpetual Motion
In classical theory there are three definitions of
perpetual motion. First, categorized as basic perpetual
motion, are the bouncing ball (reversible process) and
the spinning wheel that operate without inefficiency.
Next, there is perpetual motion of the first kind, or a
process that creates energy. Last, there is Oswalt
perpetual motion or perpetual motion of the second
kind. Classical theory defines perpetual motion of the
second kind as any process that converts heat energy
to work at a rate greater than the mechanical Carnot
cycle. Like the corollaries, this definition of perpetual
motion is predicated on the assumption that the laws
of mechanics define a universal limit on heat energy
conversion.
Conclusion
The four laws of physics previously listed served
as premises for the logical conjecture of 19th century
scientists in their efforts to explain perceived limits on
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heat energy conversion. These scientists postulated
that Carnot's mechanical principle and the corollaries
stated a universal law. Today, Carnot's thermodynamic
efficiency and these conclusions of logic are labeled
the second law and are cited as proof that heat can not
be converted to work at any rate exceeding the
mechanical rate. The corollaries are presented as proof
that the processes they define as impossible are
impossible based on the inviolability of the second
law. This is circular reasoning. It is the fallacy of petitio
principii, or assuming in the premise of an argument,
the conclusion which is to be proven.
The implied conclusions of the corollaries,
premised on the hypothesis that Carnot's
thermodynamic efficiency is universal, can stand as
laws only until disproved by empirical evidence. The
heat energy conversion rate of the ethylene cycle does
not challenge any laws of physics, only the validity of
stating a rate of mechanical energy conversion as a
universal limit on heat energy conversion.
Carnot defined a maximal rate of heat energy
conversion within the context of his understanding of
energy. If heat and electricity were strictly subjected to
the "general laws of mechanics," then indeed CTrT2)
T 1-1 would define the maximal rate of energy conversion for all T thermodynamic cycles and the second
law could stand. I assert that the laws of mechanics
define limits only for purely mechanical processes. To
assume otherwise is to accept the idea that the availability of potential energy to do work in a mechanical
cycle defines a limit on non-mechanical energies. In
the case of the ethylene cycle, its CTrT2)T 1- 1 ratio
would be able to affect the ethylene's specific heat
and/or its van der Wall's forces to limit the ratio of
these energies to < the ratio of the cycle's absolute
temperature.
The object in presenting this paper is to clarify the
definition of heat energy and the second law. If heat
energy can be converted to work by cyclical processes
at rates greater than Carnot's mechanical rate, then
four changes occur in thermodynamic theory; firstly,
the second law's definition must be restricted to
describing the impossibility of perfect efficiency,
secondly, efforts to explain self organizational
phenomena or dissipative structures in terms of
equilibrium theory become unnecessary, thirdly, heat
can no longer be considered the lowest form of energy
to which all other forms degrade, and fourthly,
ambient heat can no longer be considered an energy
form inaccessible for conversion to work.
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